Conventional Photodynamic Therapy (c-PDT), approved in Brazil since 2006 for non--melanoma skin cancer, is a well-established treatment worldwide. 
INTRODUCTION
Topical Photodynamic Therapy (PDT) is defined as a photochemical reaction used to cause selective destruction of a tissue through the formation of singlet oxygen and other reactive oxygen species, which accumulate in malignant and premalignant cells, producing a cytotoxic effect. In order for this reaction to take place, a photosensitizer on the target tissue, a specific light source to excite the photosensitizer, and the presence of oxygen are needed. 1, 2 The most commonly used topical photosensitizers are Aminolevulinic Acid (ALA) and Methyl Aminolevulinate (MAL) (Figure 1 ). Both are prodrugs, and need to be modified enzymatically within the cell into protoporphyrin IX (PpIX), which is the endogenous photosensitizer. For the procedure, a mild curettage should be performed prior to the application of the photosensitizer (either ALA or MAL), which will remain on the skin under occlusion, before exposure to light ( Figure 2 ). Among light sources used in conventional Photodynamic Therapy (c-PDT), broad-spectrum light emitting diodes (LEDs), Intense Pulsed Light (IPL) and lasers are available.
c-PDT has a more precise indication in the treatment of Non-Melanoma Skin Cancer (NMSC), and is approved for Actinic Keratosis (AK), low-risk superficial Basal Cell Carcinoma (BCC), and Bowen's Disease. [6] [7] [8] Among the off-label indications, the photoaging treatment that was based on the findings of overall skin quality improvement (wrinkles, texture and pigmentation) during the treatment of the field cancerization. [9] [10] [11] [12] [13] [14] [15] A new technique that uses the fraction of visible light from solar radiation is called Daylight Photodynamic Therapy (DLPDT). Several studies report that DLPDT has the same efficacy as c-PDT in the treatment of AK lesions and field cancerization, but with fewer side effects. This new therapy is not indicated for treatment of carcinomas. [16] [17] [18] [19] [20] [21] [22] [23] More recently, fractional ablative methods (Radiofrequency Ablation, and Erbium Laser or CO 2 ) and microneedling have been used for Transepidermal Drug Delivery (TED). [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] The use of TED has been related for the treatment of different dermatoses, and its combination with PDT in order to increase the penetration of ALA or MAL seems to potentialize the results of c-PDT or even PDT with sunlight. Conventional Photodynamic Therapy in the Treatment of Non-Melanoma Skin Cancer AK presents molecular and genetic alterations similar to Squamous Cell Carcinoma (SCC) lesions, and some authors consider it a carcinoma in situ. Others consider it a premalignant lesion, with an annual transformation rate into SCC of between 0.25% and 16% within 10 to 25 years. 43, 44 Among the treatments used for AK are cryosurgery, electrocoagulation, topical medications, surgical excision, and PDT. In general, the use of topical PDT for treatment of AK has a cure rate between 73% and 100%. PDT has similar or superior efficacy when to compared to conventional treatments, as well as being a quick and easy-toapply method with a short recovery time and excellent cosmetic result. [45] [46] [47] In a study conducted by Freeman et al 48 , MAL-PDT was statistically more effective than a single freeze-thaw cycle with liquid nitrogen spray.
BACKGROUND
Dragieva et al 49 evaluated the efficacy of PDT with MAL in transplant patients. The double-blind study with 2 sessions of MAL-PDT or placebo, with a 1-week interval, was performed in 17 patients with a total number of 129 AK lesions. The study concluded that treatment with MAL-PDT is safe and effective in treating AK in transplanted patients and may reduce the risk of transformation to invasive Squamous Cell Carcinoma. Basal Cell Carcinoma (BCC) is the most common cutaneous malignant tumor (70%) in adulthood. Its treatment should be chosen according to the clinical type, histology, size and location of the tumor. Among the therapeutic options are surgical excision (gold standard), electrocoagulation and curettage, cryotherapy, immunomodulators, cytotoxic agents and radiotherapy. Although a better result is described with MAL, possibly due to the greater lipophilicity, greater selectivity and penetration capacity, 50 the clinical and histopathological characteristics, and aggressive nature of the tumor are important factors for the correct indication of PDT. Statistical data based on multicenter, multi-patient, five-year follow-up studies reveal that PDT with MAL-Red Light achieves a cure rate of approximately 95% in the treatment of superficial BCC, and 73% to 94% for nodular BCC at the evaluation after 3 months. The recurrence rate for superficial BCC is approximately 22%, similar to conventional treatments, such as cryotherapy with a recurrence rate of around 19%. For nodular BCC, in the long term, the rate of recurrence is close to 14%, higher when compared to a recurrence of only 4% of the surgery. 46, 51 With regard to Bowen's disease, comparative studies between MAL-PDT, cryotherapy and 5-fluorouracil (5-FU) showed superior cosmetic outcome with MAL-PDT, and, after 24 months, cure rates of 68% for MAL-PDT, 60% for Cryotherapy, and 59% for 5-FU. c-PDT is well indicated for the treatment of large-diameter lesions located in the lower limbs, which present great difficulty in cicatrization after surgical procedure or cryotherapy. 51 Conventional Photodynamic Therapy: Off-Label Indications Exposure to ultraviolet radiation is the leading cause of skin disorders such as sunburn, photodamage, and skin cancer. The visible signs of photodamaged skin are characterized by wrinkles, rough skin texture, altered pigmentation, telangiectasias and, in some cases, AK and carcinomas (BCC and SCC).
14, 15, 52 Light-based technologies (LEDs, LIP and Laser) in an isolated way, without photosensitizer, act on the pigmentary and vascular alterations, in addition to inducing the synthesis of collagen in the photodamaged skin. However, only PDT, in combination with the light and photosensitizer, also treats AK. 11, 53, 54 In addition to the clinical improvement of photodamaged skin, which is widely reported in the literature, some authors have described histological and immunohistochemical modifications induced by c-PDT, such as: better organization of elastic fibers, increased density of collagen fibers, increased metalloproteinases. 14, 15, 55 Other off-label indications include the treatment of inflammatory acne, viral warts, leishmaniasis, necrobiosis lipoidica, granuloma annulare, mycosis fungoides, and extramammary Paget's disease. 24, 25 For all these indications, the mechanisms of action are poorly understood and results are varied. Therefore, PDT should not be considered as the first choice treatment, and should be indicated in specific cases.
Transepidermal Application of Medicine Associated with Conventional Photodynamic Therapy TED is a new therapeutic modality in Dermatology used to increase the penetration of drugs through the more superficial layers of the skin. In the literature, old techniques with poorly understood mechanisms are cited with the objective of transposing this cutaneous barrier at different depths, including iontophoresis, electroporation and photomechanical waves. [37] [38] [39] [40] [41] [42] The use of ultrasound (U/S) for transepidermal administration of different molecules, such as insulin, mannitol, glucose, heparin, morphine, caffeine and lidocaine, 56 both in vitro and in vivo have been described in the literature. 57, 58 More recent studies on TED report the use of ablative methods for drug permeation in the treatment of various dermatological diseases, such as actinic keratosis, hypertrophic scars, stretch marks and alopecia areata. 59, 60 By the means of fractional ablative methods (ablative radiofrequency, Erbium laser and CO 2 ) and microneedling ( Figure  3 ), micro-perforations permeate drugs applied topically to the surface of the skin, surpassing its main cutaneous barrier, the stratum corneum. [24] [25] [26] [27] [28] [29] [30] [31] Fukui et al 25 reported the association of fractional CO 2 Laser to c-PDT for the treatment of non-melanoma skin cancer, extra-mammary Paget's disease and parakeratosis. Kassuga and Issa 61 reported the clinical effects of isolated c-PDT compared to the combination of PDT with the fractional ablative radiofrequency (RF) treatment. They revealed that, even by reducing the incubation time of the photosensitizer (MAL) from 3 hours to 1 hour, this combination was more effective in reducing the number of AK lesions in the forearms than the PDT alone. In addition to improved AK, there was improvement in texture and pigmentation of all treated areas, with better rejuvenation of the side treated by RF associated with PDT.
The microneedling technique used for TED in combination with PDT has also been reported. Available in the market, there are some derma roller brands for microneedling that are rolled on the cutaneous skin, as well as motorized pens with disposable needles for stamp-type microneedling. Torezan et al 36 compared c-PDT with PDT in combination with the use of microneedles. There was no evidence of an increase in the efficacy of PDT associated with microneedles in relation to the number of AKs. However, this association improved the overall quality of the skin, reduced hyperpigmentation and sagging, and reduced deep wrinkles.
Daylight Photodynamic Therapy
Daylight PDT has been studied in Europe and Australia in recent years and was approved in Brazil in 2014, with the aim to reduce side effects and preparation time of c-PDT, while maintaining its effectiveness in the treatment of AK and field cancerization. There are no studies indicating the use of DLPDT for carcinomas. [18] [19] [20] [21] [22] [23] For daylight PDT to be performed, all exposed skin should be covered with pure chemical sunscreen without physical blockers. In this manner, only visible light action will be allowed on the skin while maintaining protection against ultraviolet radiation. 18 After approximately 15 minutes, curettage is performed with a dermal curette. In case of discreet bleeding, gauze compression should be performed prior to the application of the MAL photosensitizer, which should not be occluded. The patient should be exposed to daylight within 30 minutes. This exposure should be performed for a period of 2 hours ( Figure  4 ). For the whole face treatment, the amount of 1g of MAL (half a tube) is sufficient in each session.
Daytime PDT should not be performed on rainy day or on days with dark clouds that may disrupt light. However, it can be performed in other climatic conditions, such as with the presence of clear clouds. In cold-weather countries, the temperature should be adequate for patient comfort and should not be less than 10ºC so that there is no interference in the production of PpIX during the sun exposure period. Similar efficacies were achieved despite cloudy or sunny weather in studies evaluating the treatment of actinic keratoses in different countries with different latitudes and altitudes, including Brazil. [18] [19] [20] In Brazil, the average luminance emitted in all months of the year and in all regions from North to South was similar to the brightness of the Australian studies, which gives us the information that DLPDT will have the same effectiveness throughout the national territory.
Daytime PDT provides excellent patient tolerability, with reports typically describing minimal pain or total absence of pain during the procedure. This can be explained by the fact that, in c-PDT, there is a large formation of PpIX during the occlusion of MAL in the treated area for 3 hours before exposure to LEDs, with subsequent great excitation of PpIX and free radical production. In contrast, in Daytime PDT, the MAL incubation time is at most 30 minutes, without occlusion, before exposure to daylight. In this manner, PpIX excitation and degradation occurs during light exposure, with gradual production of the photochemical response in this period and consequent reduction of the intensity of the inflammatory response (pain, erythema and edema). [19] [20] [21] [22] Transepidermal Drug Application in combination with Daylight Photodynamic Therapy
The clinical response of AK and the field cancerization of DLPDT is similar to the clinical response to the c-PDT with artificial light. 20, 21 However, the improvement of other aspects of photodamaged skin, such as wrinkles, pigmentation and sagging, appear to be less evident when compared to that of c-PDT. This fact is probably due to the lower inflammatory response induced by the visible light of the solar radiation spectrum on Protoporphyrin IX, formed simultaneously with the period of daylight exposure.
Based on studies about TED in combination with c-PDT, 36 ,61 the authors of the present study believe that TED in combination with Daylight PDT can also bring benefits to the overall photodamaged skin treatment, with improvement not only to actinic keratosis but also to texture, wrinkles and skin pigmentation. Pilot cases, performed by us, show this new therapeutic possibility, combining Daylight PDT with TED techniques in overall skin rejuvenation (refer to article #10 published in this journal).
Conclusion
Topical PDT is a very useful tool for dermatology around the world, and has been approved in Brazil since 2006 for the treatment of non-melanoma skin cancer. In this period, the technique has undergone innovations and new indications that are based on international and national studies. Currently, a new PDT modality that uses daylight is also approved in our country, bringing benefits, such as the treatment of large areas, in a practical and effective way, with short recovery time and without side-effects. The combination of techniques to increase the permeation of the photosensitizer is a very recent subject and seems to complement the benefits of day-to-day c-PDT and PDT. l 
